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CHARACTERISTICS  OF  A  NEW  GROUP  OF  ENTEROPATHOCENIC  E.  COLI  PRODUCING  > ’*<~ 
ENTEROTOXIN 

[Paper  by  T.  A,  Avdeyeva,  Yu.  Ye  Polatskiy,  L.  A,  Smirnova,  Ye.  M.  Dragun- 
skaya,  E.  V,  Poyasova  and  V.  0,  Chalenkoj  of  the  Institute  of  Epidemiology  and 
Microbiology  imeny  Paste;,  the  Institute  of  Experimental  Medicine,  USSR  Acad¬ 
emy  of  Medical  Sciences  and  the  Institute  of  Vaccines  and  Serums;  received 
by  the  editors,  15  November  1972.  In  the  periodical  Zhumal  Hikrobiologii, 
Epideiaiologii  i  Imunobiologii  (journal  of  Microbiology,  Epidemiology  and 
Iraunobiology).'  Zh.  Mikro'biol.  Epid.  Immunobiol.  50:11:9-12  (1973) 

Progress  realized  in  the  past  few  years  in  the  development  of  a  series 
of  experimental  models  has  greatly  advanced  existing  concepts  of  the  etiology 
of  intestinal  infections.  Assuring,  as  they  have  done,  a  deeper  understanding 
of  the  biology  and  pathenogenic  properties  of  shigellae,  salmonellae  and  en- 
tcropathenoger.ic  bacilli,  experimental  models  have  proven  likewise  serviceable 
in  the  detection  of  the  ability  of  bacteria  to  produce  intestinal  infection  in 
human  beings.  Infection  of  a  loop  of  the  small  intestine,  among  other  methods, 
has  been  used  to  establish  enteropathcgenicity  (experimental  animal,  rabbit; 

5,  14,  25).  The  use  of  this  particular  model  has  also  favored  the  knowledge 
of  the  pathogenesis  of  cholera  [13,  15,  18]  and  the  enteroxigenic  intestinal 
bacilli  (EIB),  the  causative  agents  of  so-called  colibacillosis  of  swine, 
cattle,  and  some  other  animals  [21,  22,  24]#  In  the  past  few  years,  this  par¬ 
ticular  method  has  been  used  to  observe  cholera-like  illnesses  in  both  children 


The  paper  was  read  twice:  at  a  session  of  the  Leningrad  Scientific  Society 
of  Pathologists  on  16  November  1971,  and  at  a  session  of  the  Leningrad  De¬ 
partment  of  the  All-Union  Society  of  Epidemiologists,  Microbioligsts  and 
Infection  Specialists  on  28  March  1972. 
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and  adults  [16,  17,  1 9,  20], 

Enteroxigenic  intestinal  bacilli  (EIB)  are  known  thus  far  in  only  a 
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few  serological  types,  distinguishedJby’the  0-,  K-  and  H-ar'’>ens  (C6:H16, 

01 j;  H11,C78;  KBO,  01 40:  H28,  etc,)*  These  produce  enterotoxins — one  thermo¬ 
stable,  observed  in  superfluous  culture  liquids,  the  other  thermo-labile,  con¬ 
tained  in  cellulary  lysates.  With  use  of  an  isolated  small-intestine  (rabbit) 
model,  living  cultures  and  their  sterile  cell- less  substrates  lead  to  expansion 
of  the  intestinal  loo?3,  Owing  to  accumulation  of  the  liquid  content.  The 
etiological  role  of  EIB  in  human  gastroenteritis  he~  already  been  demon¬ 
strated  [16,  19,  23]. 

In  the  USSR  a  different,  the  so-called  lung  model,  is  being  used,  for 
the  induction  of  shigella  pneumonia  in  intranasally  infected  albino  mice.  [6], 
Using  a  lung  model,  it  is  possible,  through  a  microbiological  and  morphological 
study,  to  differentiate  various  different  excitants  of  intestinal  infections 

[7,  10,  It J. 

’.That  is  intended  in  the  present  article  is  a  presentation  of  the  re¬ 
sults  of  a  study  of  intestinal  illnesses  of  uncertain  etiology  with  us©  of 
the  "lung  model'-  [1-3#  8],  which  has  made  possible  the  discovery  of  micro¬ 
organisms  of  the  genus  Escherichia  which,  in  distinction  from  taiown  excitants 
cf  intestinal  infections,  produced  death  in  infected  mice  within  a  few  hours, 
Tho  symptoms  accompanying  death  (acute  asphyxia,  spasms,  exudation  of  sero- 
bloody  liquid  from  the  no3e  and  mouth)  have  not  been  previously  observed. 

In  all,  43  strains  of  bacteria  with  the  indicated  characteristics 
were  studied.  On  the  basis  of  tho  0-antigen,  these  were  divided  into  12 
serological  types,  of  which  six  fell  into  O-types  1,  6,  1 6,  86,  112  a  and 
115),  The  total  number  of  possible  types  was  21, 
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It  was  established,  as  a  result  of  the  study,  that  intranasal  infec¬ 
tion  of  nice  in  the  course  of  8-1 5  minutes  with  cells  of  a  24-hour  bouillon 
culture  is  accompanied  by  multiplication  of  the  exciting  agents  in  lung  tissue 
and  by  the  development  of  a  pathological  process  distinguished  by  microbio¬ 
logical  and  morphological  characteristics  from  a  similar  intranasal  infection 
of  mi,ce  with  known  causative  agents  of  intestinal  infections  [1-3],  Acute  in¬ 
toxication  was  the  basis  of  the  pathological  process.  Infection  of  the  ani¬ 
mals  led  to  vascular  damage  and  rapid  advance  of  serous-hemorrhagic  pulmonary- 
edema,  Multiplication  of  the  bacteria  took  place  only  in  the  lumen  of  the  al¬ 
veolus,  As  distinct  from  shigellae  and  shig®  Ua-like  enterogenic  intestinal 
bacilli,  th8  bacteria  studied  did  not  penetrate,  and  conjunctival  infection 
of  the  mice  was  not  accompanied  by  any  development  of  keratoconjunctivitis  [8], 
The  capability  of  intestir  :’>1  bacilli  obtained  from  intestinal  diseases 
at  uncertain  etiology  to  produce  fatal  results  in  mice  against  a  background 
of  comparable  symptoms  i3  regarded,  by  the  authors,  a3  a  precise  sign  of 
©nteropathogonity.  This  is  in  fact  confirmed  by  the  results  of  analysis  of 
a  case  of  mass  illness  in  children  and  adults  from  whom  typos  01  and  01 1 2  ab 
bacilli  were  abstracted.  These  particular  microorganisms,  upon  introduction 
into  mice,  produced  early  death  in  the  animals,  accompanied  by  the  cal 
symptoms  of  acute  asphyxia  [4,  9,  12], 

Analyses  of  the  clinical  symptom  and  the  morphological  picture  of  the 
process  as  presented  in  the  mice  infected  in  our  experiments  loads  to  the 
conclusion  that  thoso  bacteria  aro  the  nroducers  of  toxins.  It  i3  the  authors* 
opinion  that  the  presently  used  “lung"  method,  wh Ich  is  in  essence  a  model  of 
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an  isolated  rabbit  small  intestine  loop,  can  be  used  to  observe  intestinal 

illnesses  anlogous  to  those  described  in  recent  years  in  the  foreign  med- 

« 

ical  literature. 

First  of  .  ''1,  in  order  to  resolve  the  questions  presented  here,  it . 
was  necessary  to  determine  whether  enterotorina  were  indeed  being  produced 
in  the  cultures  which  we  studied. 

No  toxins,  were  actually  discovered  in  the  superfluid  liquids  of  the 
cultures.  Quite  different  results  have  been  obtained  in  the  study  of  lysates 
[18],  and  intranasal  administration  to  mice  of  such  cell-less  substrates  ob¬ 
tained  from  throe  different  strains  has  shown  that  these  cultures  (intestinal 
bacteria)  do  indeed  produce  theraoliabile  toxins:  all  of  the  te3t  animals 
to  which  were  administered  cellular  lysates  died,  Hie  lysates  were  completely 
inavtivated  following  a  thirty-minute  period  of  heating  at  60°C»  The  causes 
of  th9  differences  in  the  times  proceeding  death  following  intranasal  adminis¬ 
tration  (1-8  hours)  of  the  cultures  and  of  their  lysates  (21  -  93  hours) 
are  deserving  of  particular  attention.  It  lias  been  established,  however,  that 
there  is  a  great  similarity  between  the  pathological  condition  which  arose  in 
the  mice  infected  with  the  cultures,  and  their  lysates.  The  intranasal  admin¬ 
istration  to  the  mice  of  the  theraolabile  toxin,  just  like  the  infection  with 
the  cultures,  was  accompanied  by  a  marked  accumulation  of  serous -hemorrhagic 
exhudate  in  the  pulmonary  tissues.  Quite  obviously,  the  basic  mechanism  in¬ 
volved  in  the  action  of  the  bacteria  which  wo  studied  was  ossoclated  with 
their  toxigenicity. 

The  proposition  which  we  make  here  concerning  the  essential  similarity 
between  the  lung  model  and  the  model  of  an  isolated  small  intestinal  loop  of  a 
rabbit  was  indeed  confirmed  fay  further  parallel  tests  run  on  these  same  models 
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studied  by  the  authors  and  prepared  by  them  from  sterile  cell  lysates. 

Upon  introduction  of  six  strains  and  their  thermolabile  lysate  (2 
strains),  we  obtained  positive  reaction^  together  with  distension  of  the  loope3, 
owin'’,  to  the  accumulation  of  fluid  (5-18  ml). 

In  this  way,  it  was  possible  to  study  the  capability  of  the  cultures 
and  of  the  product  of  thermolabile  toxin  on  the  basis  of  the  two  models  tested. 

The  possibility  of  determining  (FIB)  with  use  of  a  lung  model  i3  of 
rather  considerable  importance,  inasmuch  as  the  model  suggested  by  De  and 
Chatter jee  [14]  is  more  complex  than  the  method  of  intmasal  administration 
to  albino  mice. 

The  data  obtained  expand  existing  concepts  of  onteropathegenic  intes¬ 
tinal  bacilli.  Further  study  of  the  biologic  properties  of  the  enterotoxi¬ 
genic  Fmcherichieae  along  with  clinical  study  and  the  pathogenesis  of  the 
associated  illnesses,  is  of  particular  importance  in  connection  with  the 
necessity  of  differentiating  between  these  diseases  and  clinically  similar 
fortu  of  cholera, 

co;r.?Jidia)3 

1,  It  was  established  that  tho  death  of  mice  duo  to  acute  serous- 
homorragic  pulmonary  edema  during  the  first  few  hours  foil wing  intranasal 
infection  with  cultures  of  intoc‘inal  bacilli  derived  from  sick  animal*  suf¬ 
fering  from  intestinal  disease  of  undetermined  origin,  rosulted  from  their 
enterotoxigenicity. 

2,  V/o  have  demonstrated  the  possibility  of  showing  the  presence  of 
iiu,erotoxic  intestinal  bacill*  and  of  establishing  thoir  capability  for  t) 
production  of  Ihomolabilo  toxin  cn  a  lung  model}  this  Is  a  simpler  and 
more  convenient  method  than  those  regularly  used  for  this  purpose, 
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CHARACTERISTICS  OF  A  NS.V  CROUP  OF  ENTEROPATHGCENIC  E  COLt  j»»t> 
DL'CtNG  ENTEROTOXIN  ,  ' 

T.  A.  \  Yu.  £.  Pofoliky,  L.  A.  Smirno lit,  L.  Al.  t.  V.  Pcvusa-a 

V .  u.  C-c.Vft.td  *  ’ 

A  pc>...uil,ty  oi  using  a  pulmonary  model,  mors  .nul  accvMi'tltr  in  cottuia; .M>f!  with 
vm-r  model,.  ‘or  detection  of  enterotoxigenic  F.  toll  ami  riSaWIpTvm'  <«  fh'ni  ol  tn*  capacity/ 
to  production  of  .1  Wermol.tbile  iox.u  ‘>va,  shown.  An  entefotoxiit  **h:sh  .,■»  twmg  cultures, 
ciuiarf  (n  nirana»tll>  infected  a  I  a.  no  mice  scrous.luxorrhagit:  •  cV«m  wt  trot.  tur.s,  anti  •„&- 
acquert  ji  (Me  animal,  obtained.  Enierototigfjtietty  uf  culture,  \vai  cortiitv.wd  on 
a  modei  of  an  i,olated  loop  oi  nobit  unall  mtetmo. 
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r  .T.e’aactaru.  r.cn  toxigenic  and  starch  fermenting  (circulating  in  the  US$J2Arreierfed  accord- 
to  the  acting-  instruction — on  the  basis  of  morphological,  '‘cultywrpArffa  biochemical  signs 
J.  ciphtherae  orsravis  type.  Eleven  sera  to  the  known  serologicfl  types  of  C.  diphtheria 
.  :  also  2  sera  to  battt<tophage  types  K  and  AECDfg  w£*e"used  for  typing.  A  total  oi 
'  :  -  r-trams.  r ; p :  »sen  t  a  t  i  ve  s  oWJ2  bacteriophage  typeSj^tffaied  from  132  carriers  in  93  foci 
-  >  acaulateu  localities  of  23  refers  in  the  USS3^hfTj!j3 — tS69  were  divided  into  2  groups. 

e  i.rst  grouo  rxiucea  all  ('vunou>vtxcept^)ffTstiains  of  A3CDFGH,  ASC.DFG.  ABCDr, 
'  .  CD.  A3D.  ACD,  AF.  A,  CDi  bactenoj'xic^e^pes  spontaneously  agglutinating  in  3%  N’aCl 
.: -n  cn  a  briier.  stabilising  in  a  0^>rfivvinh*4solut;on.  agglutinating  (n  litres  oi  I  :  2CO — 
. ;CC>  by  :ar j  oi  J  and  ti  scvdogtaa!  t>pes  alHWy  the  serum  cf  AECDi.g  b ictertophage 
•  :e.  it  v. as  ionr.erty  denonsirdted  t.aai  these  bacteriobkgve  types  were  capable  oi  converting 
toxigenic  in  case  oi  miyefton  with  tox-- viruses.  in  connection W-ith  which  they  were  referred 


:.re  true 
: :  the  carrii 
t  ,-er.ae  stra 
'  cter.oona 
to  the  secot 
l;r<  with 


Zh.  Mikrobiol.  Epid.  Immunobiol 
50:11:9-12  (1973) 


-evealed  in  31.6% 
own  true  C.  diph* 
the  strain  of  this 
ses  were  referred 
3%  of  the  carrier 
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T.  A.  Aidte+a.  K).  E.  /Josotfiiui,  Jl.  A-  Cuupnota,  £.  M.  UpatyMcsa *,  3.  B.  llonccm 
a  B.  r.  VajiHXO  •  -  .  - 

XAPAKTEPHCTHXA  HOBOR  rpynilbl  3HTEP0flAT0rEHHbfX 
KHlUESHblX  ILUIOHEK,  nPOflyUHPyfOUlMX  3HTEPQT0KCHHi 

jlscraryT  aniuesiHatorua  it  mtKpodeaioraH  mm.  Flaaepa,  MxcmTyr  aKcneptutettranwroil  are- 
a;  ::a«w  A.MK  CCCP.  Hacnrryr  uxuhh  m  cwaoporoK.  /leanarpaa  (IlocTymua  Ic/Xl  1972  r.) 

Ycnexti,  AocTHrayrue-  3a  nocneaHHe  rojiht  a  pa3pa6orxe  pjyia  3KcnepH«eH- 
-a.ts»as(x  MOAe-teH,  bo  MHoro.y  cnoccScrctOBa.iii  pacuutpeHMto  cymecrBytoumx 

r.ph  .CT3B.16MHH  c6  3TBOhOrHM  KHUleMHWX  HHtfceKUHft.  OfeeitCRttBaR  B03M0JK- 

:-;ocTa  6o.ice-  yr.iy6.ietu<oro  HayneHHR  ewwionw  k  naxorenexttRecKHX  cboRctb 
-Mre.x.i,  ca.ibMOHfto/t,  3HtTeponaxoroHHWX  khuichhux  na/ioaeit  (SriKil),  sttcne- 
;  HMeHTa.Thaye  mohmh  OKaaa.mcb  npnrojiHWMH  h  jmr  phcKpuTttjt  y  6aKTep*t.9 
c.-.occ6hocth  aviJHBaxb  khwcrh  yto  hhi^kuhio  y  .itoieA  (sHTaponaxorewHOCTb). 
il.'H  yajitoa-tei! hr  sHTcponsToreHHocrH  HapRay  c  apymvH  cnocofiavH  ncno.it.- 
JxgTCR  SapaWtaHH*  ttCTRH  TOHSOft  KMtUKH  KpOAitKa  {5,  14,  SSI.  WcnoaMOOaiIHe 
TCil  btoaWH  cnocoCcrsoBano  HsyaeHHto  naxoreKesa  xo.iepu  113,  IS,  181,  pas- 
s;st;«k>  yn»RHR  c6  SHTtpoTOKCHrcHHbix  khu«khnx  nsAoaxax  (3TKH)  —  ncw- 
6;.2htmrx  xas  i!33biaaeMoro  KOAHfjatuuuieaa  coimeA,  ratat  h  4pyrnx  jkhbot- 
.  \n  121 .  22.  211  8  occacihhb  roiw  npn  noMotUH  toro  mt  weroita  cOHapytKensi 
31  Kf!  —  urnSv.iHtehH  xaiepottoito6«wx  3sCoAcaa«Hfl  aeTefi  h  badoc* 

,.\  tl6  IT.  19.  201. 

31 KH  r;e;cT23.iCHW  noKa  etue  HcdorthtintM  psaoM  cepoAoni*?ecsitx  xtt- 
"r.3.  ?aj.t.isc iCiXftxcR  no 0-.  K*  m  H*  aHXitrcH2\t  (06 :  HI6,  Ol.S :  HU .  078 :  K80p— ■ 

CMS  :  H23  ;t  rtp  ).  Orh  npoiytiHpywx  3HxepcxoKC«au  —  TepMocxafiMAhHbtfl  v _ 

■‘i*t3p>}s:iDae>i5»A  8  HBiiocaaomiux  >kh5kcctrx  Ky.it.xyp,  «  xepM0.ia6jt.ibHwft  »m  * 

c:A??»auuificR  a  K.tetoiHbix  h»3axax.  Ha  moac.ih  K3o.n«po»aHaoA  nex.iH  toh  vt  i 

'2ft  K!iU;X:i  KpOAHKb.  7KH3WO  KVAUXVpN  H  MX  CTepH.IbHMe  CtCK.tetORHMe  CV<S  9»MJ0S<£* 

.rcsnt  8M3«a«iOT  pacciHpeHHe  khqiomhux  nsxe.ib  aa  cwr  cKott.iestHR  •  Hit:  tatattM#* 
Aii^horo  cozep:KH.voro.  XloKaaaHa  3XJtQaarHR0CKa«  pOJib  3TKJ1  npM  racrpo 
Jure  put?  y  vrio’ea  {16,  19.  231.  - — 

B  excanc  a«tR  xex  jkc  umch  Hcno.iwyetcR  apyras.  Tax  H33biMe*fa»  it 
.tircvHas  r  npejutOKCHHaR  ana  uccnpoH3BtaeHHn  uiHrennawoft  nnes 

uc-m-.m  y  }'Mxp<wa3a.ibHo  sapaHceHHbix  6ehwx  wbiuieft  16  J.  Ha  neroRHoft  voxe.it  * 

-■i  xo.i;tv*cT3ttHHofl  MHKpo6H<won4RecKoA  u  Mop<po.iorHieCKOH  xapaKxeptictuKi  i  - 


*  HrXt  i9*l  r.  m>  skoimmm  ^tMHMrpsacitoro  nayinoro  o6c«cm  niTMon 

ijrtvft*  4  ...  at  13,5  r,  wa  sacejanxa  .lesHurpagcxoro  crr;«ej<te  Bmoaosworo  tuywot 
uros  soxieuMruoro*.  siMapcduoAcrot  n  n«JeitUJ(OW*CTO*. 
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